We have analysed the random mechanism in which enzyme substrate and enzymesubstrate-modifier complexes have equal catalytic activity. If the steady state is a quasiequilibrium this is a standard model for classical partial-competitive interaction. In the non-equilibrium case, apparent substrate co-operativity is possible, but there can be no excess substrate inhibition, and velocity at substrate saturation is independent of modifier concentration. Thus predictions of the model can be compared with those of allosteric models for binding or K systems.
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Overall behaviour is conveniently seen in plots of the logarithm of half-saturating substrate concentration (logx+) against the Hill coefficient, h, at half-saturation (hj) (Changeux & Rubin, 1966) . The model exhibits behaviour rathersimilar to that of twoconformation non-exclusive binding allosteric models of the symmetrical or sequential transition types with h+= 1 at the extremes of the curve and a single extremum in between. The curve in the random case is not in general symmetrical. The random model cannot give behaviour like the exclusive-binding or induced-fit types of allosteric model. It can give behaviour quite unlike the simple allosteric models, i.e. change in sign of apparent substrate co-operativity as modifier concentration increases, and/or excursion of xj below that fixed by the h = 1 starting and finishing curves. Ten different types of curve in the above-mentioned plot are compatible with the random mechanism; four of them resemble those of the allosteric models.
In computations with randomly generated rate constants subject to reasonable physical restrictions, cases where / I + was a lot different from 1 were found to be possible, though rather uncommon. 
U. K.
NADP-linked isocitrate dehydrogenase [threo-D,-isocitrateNADP oxidoreductase (decarboxylating), EC 1.1.1.421 appears to exist in two forms in mammalian tissues; one is located in the cytosol and predominates in liver, and the other is mitochondria1 and predominates in heart. The enzymes from ox heart mitochondria (Londesborough & Dalziel, 1968; Londesborough, 1969) and pig heart whole tissue (Colman, 1968) have been subjected to fairly detailed kinetic study (Londesborough & Dalziel, 1970; Colman 1972 ; Uhr et af., 1974). Dissolved COz, and not HC03- (Dalziel & Londesborough, 1968) , and the magnesium or manganese complexes of isocitrate rather than free isocitrate (Londesborough, 1969; Londesborough & Dalziel, 1970) are the true substrates.
It has been reported that the pig heart enzyme consists of a single polypeptide chain of mol.wt. 58000 (Colman et al., 1970) . In the present communication we describe the purification of the NAI)P-linked enzyme from ox heart mitochondria, and present evidence that it is a dimer with subunits of mol.wt. 45000. Coenzyme binding has also been investigated, and is shown to be very sensitive to ionic strength. 
Purification of isocitrate dehyhogenase
H e a r t muscle (7kg) was used to prepare mitochondria, which were then sonicated and centrifuged. Protein concentration was estimated by using A:,%,(280nm) = 11.8 (from dry-weight determination). 
DL-isocitrate

Purification
Because of the isoenzyme distribution mentioned above, mitochondria were first isolated; defatted heart tissue was minced and sand-ground in 0.25~-sucrose/lOm~-EDTA/5m~-sodiumsuccinate, pH7.5; mitochondria were isolated by differential centrifugation at pH6.5, washed, and suspended in lOmM-Tris/citrate containing 1 0 mMgS04 (Tris/citrate/Mg'* buffer, in which theenzyme is very stable, and which was used for most of the subsequent purification), and thoroughly sonicated at pH8.5. Enzyme purification from this extract, which is summarized in Table 1 , involved heat treatment at 55"C, (NH4),S04 fractionation (50-80 % satn., pH 7.4, in Tris/citrate/MgZ+ buffer with 1 m~-EDTA), and ion-exchange chromatography on DEAE-Sephadex (pH 8.5) and CM-Sephadex [pH6.5, eluting with a gradient of 0-100m-(NH4),S04] at room temperature. The enzyme was finally precipitated with (NH4)2S04 (500g/l).
The specific activity was 3640units/mg at 25°C. This confirms that preparations used previously in this laboratory were approx. 70% pure (Londesborough, 1969; Londesborough & Dalziel, 1968 . Colman (1968) purified the enzyme from a commercial pig heart preparation to a specific activity of 29units/mg; this was presumably the corresponding enzyme from pig heart mitochondria.
The enzyme has been crystallized from 5 5 4 0 % satd. (NH4)2S04 at pH6-9, and from 2~-potassium phosphate, pH7. Needles or rods, much too small for X-ray crystallography, were produced.
Physical properties
Sedimentationequilibrium centrifugation indicated a mono-disperse system with a mol.wt. of 94000 (partial specific volume 0.735cm3/g from the amino acid composition). Gel filtration on Bio-Gel P200 gave a mol.wt. of 89000 f 6000, in Tris/citrate/Mgz+ buffer and in 0.1 M-phosph[ate/l m~-EDTA buffer.
568th MEETING, ABERDEEN
In 6~-guanidinium chloride, sedimentation equilibrium gave an approx. rno1.W of 43000. Polyacrylamide-gel electrophoresis in the presence of 0.1% sodium dodecyl sulphate gave a subunit mo1.w. of 45000; it also indicated minor bands of mo1.w. 90000 and 30000 (also found in gels containing urea/acetic acid), which are attributed to a dimer and a breakdown product formed during denaturation.
It is likely therefore that the enzyme is a dimer of subunits of mol.wt. 43000-48000.
Dimers have also been proposed for the enzyme from the cytosol of pig liver (Illingworth &Tipton, 1970) and beef liver (Carlier & Pantaloni, 1973) , and also several microorganisms. However, the enzyme from pig heart has been suggested to be a monomer of 58000 (Colman et al., 1970) , whereas Magar & Robbins (1969) suggested a dimer.
Coenzyme binding
The fluorescence of NADPH is enhanced on binding to isocitrate dehydrogenase (Langan, 1960) . A blue shift of the emission-peak from 460nm to approx. 430nm was found, giving an enhancement of 15-to 18-fold at 415nm. The combining weight of active enzyme was 43000, confirming the subunit molecular weight.
The affinity of the enzyme was found to be very dependent on buffer composition, particularly ionic strength (Table 2 ). Phosphate and magnesium ions each decreased the affinity for coenzyme. NADP+, which competes with NADPH, was bound at least two orders of magnitude more weakly than NADPH. A weak ternary complex of enzyme, magnesium isocitrate and NADPH appears to be able to form, and the fluorescence of bound NADPH is apparently the same in this and in the binary complexes. No subunit interactions of coenzyme binding were detected. The variation of coenzyme affinity with ionic strength is unusual. An enzymeconformation change may be involved; electrostatic attraction between enzyme and ligand would not be expected to vary sufficiently to account for these results.
